A signature of nonrandom phylogenetic community structure has been interpreted as 23 indicating community assembly processes. Significant clustering within the phylogenetic 24 structure of a community can be caused by habitat filtering due to low nutrient availability. 25
INTRODUCTION 45
The pattern of relatedness among members of a community can shed light on the key 46 ecological processes that govern that community's assembly and interactions (Webb et al. 2002, 47 Hardy previously found that the abundance of spawning salmon interacts with the physical environment 72 to structure riparian plant communities. In a survey of 50 watersheds in the Great Bear 73
Rainforest of British Columbia, Canada, increases in salmon biomass led to a higher abundance 74 of plant species that favor nutrient-rich habitats, but an overall decrease in plant species richness. 75
Plant species that did well in the nutrient-rich habitats beside salmon streams included 76 salmonberry (Rubus spectabilis) and stink currant (Ribes bracteosum). Plant species that did well 77 in nutrient-poor habitats included false azalea (Menziesia ferruginea), red huckleberry 78 (Vaccinium parvifolium) and salal (Gaultheria shallon), all from the family Ericaceae. In this 79
context, presence or absence of salmon-derived nutrients seems to function as a habitat filter 80 acting upon riparian plant communities. 81 Therefore, we predicted that riparian flowering plant communities adjacent to streams 82 with low salmon density would be more phylogenetically clustered because of a stronger abiotic 83 filter associated with lower soil nutrient availability (Figure 1 ): co-occurring species in these 84 nutrient-poor habitats would be more related to one another than expected by chance because 85 they share adaptations for dealing with low nutrients and so pass the habitat filter. 86
Habitat filtering is only one component of community assembly, a process that occurs 87 over multiple temporal and spatial scales (Weiher and Keddy 1999) . Different processes can act 88 in concert or in conflict: Darwin himself (1859) noted that close relatives are expected to be 89 ecologically similar and so most likely to compete. Therefore, while ecological similarity would 90 5 predict co-occurrence of close relatives due to habitat filtering, competition might predict the 91 opposite (Cavendar-Bares et al., 2009). Thus, although the accompanying theory is more 92 complex (Mouquet et al. 2012) , plant communities in high nutrient conditions could be 93 phylogenetically more dispersed if interspecific competition is an important community 94 assembly driver (Webb et al. 2002) . We therefore predict that riparian flowering plant 95 communities adjacent to streams with high numbers of salmon would be phylogenetically 96 dispersed specifically due to competitive exclusion (Figure 1) . 97
In light of these expectations of association between nutrient availability and 98 phylogenetic clustering and dispersion, we examined additional habitat variables associated with 99 nutrient availability: slope, distance from the stream edge, light availability, canopy species, and 100 watershed size. We predicted that locations further from the stream edge and with steeper slopes 101 would have phylogenetically clustered assemblages due to decreased access to nutrients and 102 higher nutrient run-off. We also predicted that larger watersheds would have more 103 phylogenetically dispersed assemblages because the riparian areas are wider and more 104 productive (e.g., Harding and Reynolds 2014). All predictions were tested in a model 105 comparison framework using habitat variables, measures of salmon subsidy, and a metric of 106 phylogenetic dispersion (Kembel et al. 2010 ) based on an assembled phylogenetic tree of 60 107 flowering plant species and their percent cover in each plot. 108
109

MATERIALS AND METHODS 110
Plant and Environmental Data 111
The plant community and environmental data for this study were collected in June and 112 
July
identified. 131
The data collected at each stream included: 1) the abundance of spawning salmon at each 132 stream, 2) the canopy community and canopy cover at each plot, 3) the slope of the bank at each 133 plot, and 4) the size of the watershed. These variables were hypothesized to affect riparian plant 134 community composition due to nutrient inputs by salmon, impact of canopy cover on light, and 135 relationships between riparian habitat and nutrient inputs from terrestrial sources such as salmon, we had salmon population estimates for 29 streams in all four years, 10 had three years 142 of counts, four streams had two estimates and one stream just had one estimate. The area-under-143 the-curve estimation method was used when three or more salmon counts occurred for a stream 144 in a given year. When there were 1-2 counts, the peak live + dead estimation method was used. 145
The method used did not affect population estimates (Hocking and Reynolds 2012). The basal 146 areas for the five most common riparian tree species (western red cedar (Thuja plicata), red alder 147 (A. rubra), sitka spruce (P. sitchensis), amabilis fir (Abies amabilis), and western hemlock 148 (Tsuga heterophylla)) plus unidentified snags were entered into a Principal Components 149 Analysis (PCA) to reduce the variables into orthogonal axes. Canopy PC1 accounted for 28.5% 150 of the variation in canopy composition and loaded positively for western red cedar, western 151 hemlock and snags, and loaded negatively for red alder (Table S5 in A, Table 1 ). We dated our tree using the primary and secondary literature, and the TimeTree 169 database was used for the majority of node ages up to family level (Hedges and Kumar 2009). 170
Very few of the plant species in our dataset were in published phylogenies, so we used the 171 current taxonomic information from ITIS and GRIN to find dated nodes in published 172 phylogenies containing the taxonomic groups represented in our dataset. A simple model of 173 diversification (the Yule model) was used to estimate dates not found in the published literature, 174 often between species within the same genus or family. The model used the total number of 175 species within a genus (or number of genera in a family, and so on, using data from 176 theplantlist.org and the Angiosperm Phylogeny Website (Stevens 2001) accessed July 2013) to 177 estimate a divergence date under the Yule model. Appendix A contains a more detailed 178 description of our tree construction. 179
Phylogenetic Dispersion 180
Phylogenetic dispersion was measured using the mean nearest taxon distance within each 181 community. Mean nearest taxon distance was generated from the R package picante using phylogenetic community structure to the expectation under a selected null model in which the 185 phylogenetic community structure is randomized (Kembel et al. 2010) . Given the availability of 186 relative abundance of plants at the plot scale, and the expected increased power in describing 187 non-random community structure using abundances with our nearest neighbor measure (Vellend 188 190 We selected the null model independentswap in order to preserve rarity and abundance of 191 species in our community data matrix, and ran 10,000 iterations per run for 9,999 runs. Salmon density, slope, watershed size and distance from stream edge appeared in all top 244 models predicting flowering plant phylogenetic dispersion (Table 1) . Canopy cover and canopy 245 community composition were present in at least two of the top four models explaining 246 phylogenetic dispersion. 247
Phylogenetic dispersion was highly positively correlated with understory plant 248 community composition (PC1 scores) (Figure 7) . Indicator species for nutrient-poor conditions, 249 such as taxa within Ericaceae, were abundant in plots with high phylogenetic clustering.
12
Conversely, species associated with rich nutrient conditions were abundant in plots with 251 increased phylogenetic dispersion. 252
253
DISCUSSION 254
We confirmed our main prediction of increased phylogenetic dispersion of riparian plant 255 assemblages along streams where there were high numbers of salmon. We also confirmed 256 predictions about the importance of additional landscape features in driving phylogenetic 257 clumping and dispersion. We discuss these results in light of recent developments in the theory 258 of phylogenetic dispersion and its causes. Type 2 error rates, so a lack of signal would not necessarily have supported, for example, neutral 272 community assembly dynamics. Thus, although the elegance of a phylogenetic approach is that 273 13 phylogenies integrate variation in both known and unknown traits that are important to 274 community assembly, a limitation of our study is that it is an observational study with no 275 attendant trait data. Nevertheless, we attempt to interpret likely causes for observed patterns in 276 phylogenetic clumping and dispersion in our riparian flowering-plant assemblages. 277
Phylogenetic clumping was observed in sites that appear to have low nutrient availability 278 and a reduced influence of the stream. It is notable that all the measures we hypothesized to be 279 The nutrient-poor forests of temperate rainforests along the north-eastern Pacific are 296 dominated by an understory consisting of shrubs within the family Ericaceae. In British 297
Columbia, these include salal (G. shallon), red huckleberry (V. parvifolium), blueberry (V. 298 ovalifolium and V. alaskaense), evergreen huckleberry (V. ovatum), false azalea (Menziesia 299 ferruginea), and various common heaths and heathers. The family is largely composed of plants 300 that can tolerate acidic, infertile conditions. Like other stress-tolerant plants, many Ericaceae 301 have mycorrhizal fungi that assist with extracting nutrients from infertile soils, as well as 302 evergreen foliage to conserve absorbed nutrients. Ericaceae were very common in our plots and 303 the increased phylogenetic clumping in nutrient-poor conditions is primarily due to higher 304 incidence of Ericaceae. This is consistent with low nutrient availability being an abiotic filter that 305 structures plant community assembly, with this filter operating on one or a set of 306 phlyogenetically-conserved traits. 307 Increased phylogenetic dispersion was also observed in sites with high canopy cover (i.e., 333 low light), although this association was modest. This finding is opposite to a hypothesis of 334 stress (e.g., low light) acting as a habitat filter and leading to clustering. We note that our sites 335 with high canopy cover and low light (watershed means of >50% shown on Figure 6) 
